There is growing interest in the long-term outcomes of patients surviving out-of-hospital cardiac arrest (OHCA). This paper aims to summarise the available literature on the long-term cognitive, health-related quality of life (QoL) and mental health outcomes of survivors of OHCA. Between 30 and 50% of survivors of OHCA experience cognitive deficits for up to several years post-discharge. Deficits of attention, declarative memory, executive function, visuospatial abilities and verbal fluency are commonly reported. Survivors of OHCA appear to report high rates of mental illness, with up to 61% experiencing anxiety, 45% experiencing depression and 27% experiencing post-traumatic stress. Fatigue appears to be a commonly reported longterm outcome for survivors of OHCA. Investigations of long-term QoL for these patients have produced mixed findings. Carers of survivors of OHCA report high rates of depression, anxiety and post-traumatic stress, with insufficient social and financial support. The heterogeneous range of instruments used to assess cognitive function and QoL prevent any clear conclusions being drawn from the available literature. The potential biases inherent in this patient population and the interaction between QoL, cognitive performance and mental health warrant further investigation, as does the role of post-discharge support services in improving long-term patient outcomes.
Cardiovascular disease is a major cause of mortality and morbidity worldwide, accounting for approximately 35% of deaths in Australia in 2010 1 . Cardiac arrest (CA) that occurs outside of the hospital setting is associated with an especially poor prognosis.
Global prevalence of out-of-hospital cardiac arrest (OHCA) with cardiac aetiology is estimated at approximately 50 to 55 events per 100,000 person-years 2, 3 . Survival rates are generally low for those experiencing OHCA, with reports varying between 2% and 23% 4,5 depending on the population in question: aetiology (presumed cardiac-only or all causes), regional variations in guidelines for withdrawing life-support measures, whether denominators consist of all cardiac arrests, those patients responded to by emergency services, those surviving to hospital admission, and survival endpoint used (e.g. survival to hospital discharge or to 30 days post OHCA). Australian estimates of OHCA incidence range from 52.6 per 100,000 person-years in Sydney to 89.1 per 100,000 person-years in Western Australia 2 . A recent systematic review 3 reported that 11% of individuals experiencing OHCA in Australia survived to hospital discharge, compared to 2% in Asia, 9% in Europe and 6% in North America. Factors associated with an increased chance of survival include a short time from collapse to initiation of CPR, younger age, shorter time from collapse to return of spontaneous circulation (ROSC), initial rhythm of ventricular fibrillation (rather than pulseless electrical activity or asystole), and low serum lactate values on admission to hospital [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Despite claims that the number of patients surviving OHCA to hospital discharge has increased in line with the development and wide-scale introduction of life-support measures (such as automated defibrillators) 12 , recent systematic reviews have failed to demonstrate an increase in the proportion of patients surviving to discharge over the previous 20 years 3, 4 . This discrepancy has been attributed to an increase in survival among patients with shockable (ventricular fibrillation/tachycardia) initial rhythms, while survival rates for patients presenting with asystole or pulseless electrical activity continue to remain low 13 .
Despite this, the past decade has seen an increased interest in the long-term functional outcomes of patients surviving OHCA-particularly in regards to quality of life (QoL) and lasting cognitive impairment. This review aims to summarise the current body of literature regarding the long-term cognitive function, health-related QoL and mental health of individuals surviving OHCA, as well as to identify issues that have confounded research in this area.
Search strategy
Journal articles regarding long-term outcomes for survivors of OHCA were retrieved from Pubmed/MEDLINE databases using the advanced search function. Keywords used to identify relevant articles included "out of hospital cardiac arrest" in combination with "cognitive function", "quality of life", "depression", "anxiety" or "post-traumatic stress". Additional articles were identified from reference lists of retrieved articles, or from the 'related citations' function in PubMed. Only articles that were available in the English language were reviewed.
Long-term outcomes following out-of-hospital cardiac arrest
Investigations of the long-term sequelae of OHCA have primarily focused on lasting cognitive impairment, mental health and QoL and independence for activities of daily living (ADLs).
Cognitive function
Lasting cognitive impairment has been reported in 6 to 100% of patients surviving OHCA 14 , however best available estimates place this figure between 34 and 50% 14, 15 . The most commonly reported (and commonly assessed) cognitive deficits among this patient group include memory impairment (especially for recall of declarative memory), attentional impairment, 'frontal' or executive dysfunction and impairment of visuospatial abilities and verbal fluency 14, 16 .
Investigations of cognitive impairments among survivors of OHCA have used a wide variety of instruments ranging from self-report, brief screening instruments or batteries comprised of multiple neuropsychological tests.
Self-report methodology has consistently found high proportions of survivors of OHCA reporting memory complaints. Using the Cognitive Failures Questionnaire, Moulaert et al 17 found that a sample of OHCA survivors' mean score on this scale was not above clinical cut-off (>43); however, individual ratings varied widely (0 to 73). A prior report of the same patient sample reported that 21% scored above clinical cut-off 9 ; however only 14% of caregivers rated this sample as having clinically significant memory impairment. Utilising another self-report instrument (the Memory Function Questionnaire), Bunch et al 18 found that survivors of OHCA rated their 'general frequency of forgetting' and 'seriousness of forgetting' as significantly worse than normative populations, however patients' assessments of their 'retrospective memory function' did not significantly differ from normative populations. As this subscale is intended to measure memory ability at the time of assessment compared to previous memory function 19 , this finding may indicate that, while OHCA patients perceived their memory as poor, this was not a significant departure from their pre-morbid function.
Brief screening instruments have been widely used to assess the cognitive abilities of survivors of OHCA, with the Mini Mental State Examination (MMSE) the most commonly used instrument for this purpose 14 . Findings using this instrument have varied widely, from one patient out of a sample of 156 (0.6%) 8 , to two patients out of a sample of 33 (6%) 7 scoring ≤24 (a cut-off commonly used for the detection of likely dementia) and 16% of another sample (n=174) scoring ≤23 20 . This discrepancy does not appear to be associated with variability in patient demographics such as age. The MMSE remains a popular instrument for use for this purpose, due to its short administration time and familiarity, however it does little to elucidate which cognitive functions are impaired and may be insensitive to mild cognitive impairment and particularly to executive deficits 21 associated with damage to the frontal and temporal lobes.
Several studies have conducted in-depth cognitive assessment of survivors of CA by utilising batteries of neuropsychological tests, which allows investigators to gauge the prevalence of cognitive impairment in a sample, as well as characterise which specific cognitive domains are affected ( Table 1) .
Despite including a heterogeneous range of patients, these studies appear to suggest that between 33 and 56% of survivors of OHCA demonstrate cognitive impairment 15, 22, 23 . Long-term memory (particularly verbal and episodic memory), spatial memory and executive function appear to be the cognitive domains that are most affected 15, [22] [23] [24] [25] . These findings support the conclusions of a recent review, that memory for novel information and delayed recall are predominantly impaired among survivors of OHCA 14 .
Hypoxic-ischaemic injury may disproportionately affect brain regions at the end of blood supply chains, regions with high oxygen demands and those with high levels of glutaminergic neurons 26 . Neuropsychological assessment and neuroimaging has indicated that the hippocampus, thalamus, amygdala, visual cortex and frontal lobes may be especially vulnerable 26 .
It is unclear to what degree cognitive function may recover over time following OHCA and hypoxic-ischaemic injury. Lundgren-Nilsson et al 27 found that the proportion of survivors of both in-and out-of-hospital CAs with MMSE scores <24 dropped from 59% at 14 days post-arrest to 29% at 12 months. A recent study among a Polish cohort found that 100% (n=21) of survivors of OHCA were cognitively impaired at three days post-arrest, 76.5% (n=13 of 17) were impaired at three months and 57.1% (n=8 of 14) were cognitively impaired at six months and at one year post-OHCA 16 . Among this sample, significant deficits were found in memory, executive function, attention, language and visuospatial function, with only attentional performance improving significantly over time.
Grubb et al have conducted a series of studies investigating cognitive impairment following OHCA and associated neuropathological changes by comparing a cohort of OHCA survivors to age-matched patients with myocardial infarction who had never experienced CA 15 . They subsequently compared memory function among this sample of OHCA survivors to a sample of patients surviving in-hospital CA. These studies reported moderate to severe memory impairment in 37% of survivors of OHCA compared to 0% of myocardial infarction controls and 26% of survivors of in-hospital CA 15, 28 . A follow-up investigation conducted among a small proportion of these patients found evidence of lasting memory impairment at three years post-event 29 . While this study did not find an increased rate of cognitive decline over time among OHCA survivors compared to myocardial infarction controls, there was also no evidence of significant cognitive recovery among OHCA survivors 29 .
Quality of life and activities of daily living
Studies investigating QoL and independence in ADLs for survivors of OHCA have reported mixed findings.
A systematic review of QoL following CA 30 concluded that the majority of high-quality studies investigating this topic supported their hypothesis that patients surviving both in-hospital CA and OHCA had good QoL following discharge from hospital. However, the studies reviewed were only broadly assigned by the researchers to either support, be neutral towards, or to oppose this hypothesis, without specifying formal criteria for making this distinction. This definition is, therefore, dependent on what the authors felt constituted a 'good' QoL. This review also highlighted the high heterogeneity of instruments used to assess QoL, and the inherent difficulty in defining such a concept.
Research utilising the Short Form-36 Health Survey (SF-36) or the adapted Short Form-12 to examine healthrelated QoL among survivors of OHCA have utilised variable methods of reporting these findings. At least two studies have found no significant difference between survivors of OHCA and population norms in physical and mental component scores on this measure 8, 18 . However, when comparing individuals' ratings on this scale (rather than group average), Wachelder et al 9 Others have failed to find any correlation between cognitive function and total SF-36 scores 23 .
Wachelder et al 9 found that only 3% of a sample of survivors of OHCA were impaired in activities of daily living using the Barthel Index, however 20% were impaired on 'Instrumental' ADLs using the Frenchay Activity Index. This result indicates that the degree of assistance required by this sample increased with increasing complexity of ADLs. This study also found that 74% of this sample reported low levels of community integration. Van Alem et al 20 have reported that a large proportion of survivors of OHCA (77%) did not require help from others (modified Rankin Scale score <2), however this sample was found to have a "slightly to moderately" reduced QoL using the Sickness Impact Profile when compared to an elderly Dutch reference population. Saner et al 31 found that survivors of OHCA reported having reduced satisfaction with family life and leisure time when compared to their pre-morbid function, but reported no change in their physical and psychosocial wellbeing using the Self-Assessment Test. Despite this, participants reported significantly worse physical function, 'joy of life', energy levels, physical mobility and sleep than a control sample 31 using the Nottingham Health Profile and Everyday Life Questionnaire.
A number of studies have reported that approximately 49% to 79% of survivors of OHCA were able to return to work after hospital discharge 9, 18, 32, 33 , although often to fewer hours per week. Lundgren-Nilssen et al 27 reported what appears to be a poorer prognosis, with 32% of survivors living in sheltered accommodation or requiring help at one year post-arrest, only 13% working (from 66% pre-CA) and 53% on sick leave or pension (compared to 18% on temporary sick leave pre-CA). This finding may be affected somewhat by the governmental welfare support available to survivors of illness in the regions in which these studies took place.
One relatively consistent finding that has attracted relatively little attention is the high degree of fatigue experienced by survivors of OHCA. Several studies have reported clinically significant levels of fatigue in up to 56% of patients 9, 17 and self-reports of high levels of fatigue or significantly reduced energy levels 27, 31, 32 . These levels of fatigue are comparable to those found among survivors of stroke 9 , where its influence on QoL, mental health and rehabilitation has been investigated.
Decreased QoL is not limited to the individual surviving OHCA. Pusswald et al 25 have emphasised that "brain injury is a family affair", with the majority of a sample of spouses of survivors of OHCA reporting reduced family income, having to give up their employment, significant changes in QoL, and insufficient social and financial support.
Psychological function/mental health
There is a growing body of literature to suggest that mental health may be an area of significant concern for survivors of OHCA 34 . One study has reported that 35% of survivors of OHCA assessed scored over the diagnostic cut-off for the Hospital Anxiety and Depression Scale (HADS), with 14% and 13% displaying clinically significant scores for depression and anxiety, respectively 9 . Deasy et al reported large proportions of young (aged 18 to 39 years) OHCA survivors experiencing moderate (48%) or severe (13%) anxiety and 41% reporting feeling 'down' at least some of the time. These results fall within the range reported by a recent systematic review, which found reported incidence of anxiety to range from 13 to 61% among patients surviving OHCA and incidence of depression to range between 14 and 45% 34 .
Symptomatology of post-traumatic stress disorder (PTSD) has been reported in between 5 to 64% of patients surviving critical care 35, 36 and between 19 and 27% of survivors of OHCA 34 . Interestingly, Wachelder et al 9 reported findings of clinically significant PTSD symptomatology in 50% of carers of survivors of OHCA, compared to 21% of survivors themselves, highlighting the high emotional toll of such an event on both patients and their families. The development of PTSD symptomatology among survivors of OHCA warrants further investigation, due to the long-term repercussions of PTSD on an individual's QoL and mental health 34, 37 . An investigation of relatives of OHCA patients found that 40% had PTSD 38 , with female carers and those with a history of depression at greatest risk. A delay in receiving prognostic information, perceived insufficiency of therapeutic measures and conflict with ICU staff were also risk factors for the development of PTSD among carers of patients with OHCA 38 . Development of PTSD was independent of the final survival status of the patient in this study.
Limitations of existing studies
A number of outstanding methodological issues may have influenced estimates of long-term outcomes for survivors of OHCA. Studies to date have often been small (n <50) and have suffered from a lack of consistency in instruments used to assess QoL and cognitive function, as well as when assessments were completed after hospital discharge.
Several studies have relied exclusively on the MMSE as a measure of global cognitive function, however it is increasingly recognised that this instrument may be insensitive to mild cognitive impairment, especially to executive dysfunction 21 . Other studies have relied on selfreport, utilising the Cognitive Failures Questionnaire or Memory Function Questionnaire. While perceived cognitive impairment is certainly of interest, these self-reports may be heavily biased by psychological state and have been found to conflict with reports provided by caregivers 9 . Given the high rates of depression and anxiety reported among survivors of OHCA (and in survivors of critical illness in general) 34 , it may be important to compare self-reported cognitive impairment to performance on formal testing.
Furthermore, while batteries of validated cognitive tests allow for more information regarding patterns of cognitive impairment, there is often high heterogeneity of tests utilised between studies. This limits the degree to which the results of studies utilising neuropsychological batteries can be compared. A further challenge facing researchers who construct a battery of neuropsychological tests is in establishing a cut-off for classifying patients as 'cognitively impaired'. While performance on individual tests provides information on individual cognitive domains (to the extent that they are dissociable), overall impairment is often characterised by scores falling more than a predefined number of standard deviations from population norms on more than one subtest. Definitions vary significantly between studies and will inevitably influence estimates of the proportion of OHCA survivors classified as being cognitively impaired.
Finally, it is not clear how well performance on any individual neuropsychological test relates to impairment of daily functioning. Proponents of 'ecologically valid' neuropsychological tests have argued that impairment in formal cognitive testing does not necessarily equate to clinically significant impairment in day-to-day life and individuals displaying cognitive impairment in formal testing may adapt to their impairments over time to retain reasonable function in day-to-day activities. Using the ecologically valid Rivermead Behavioural Memory Test, Grubb et al 15 found significant memory impairment among a large proportion of OHCA survivors, however no QoL assessment was carried out and it is therefore impossible to know whether these results are more closely related to ratings of QoL or ADLs than less ecologically valid neuropsychological measures. Future studies may endeavour to investigate the relationship between the cognitive impairment reported among survivors of OHCA and their relevance to daily functioning.
When considering the impact of any medical event on long-term patient outcomes, it is important to consider the premorbid functioning and biases of this population. The majority of studies utilising standardised instruments to assess cognitive function or QoL among a patient group do so against clinical cut-off or mean scores derived from normative populations. However, it is likely that patients surviving critical illness (including OHCA) differ significantly from normative populations so as to make such comparisons inappropriate. Individuals with mental illness 37 , reduced functional independence and QoL 39 , and poorer cognitive function, are more likely to experience chronic or acute health states that put them at risk of ICU admission. Only a few studies have attempted to compare OHCA survivors to a sample with comparable cardiovascular risk factors 12, 15, 24, 29 .
Although it is not possible to assess the cognitive function of individuals prospectively prior to OHCA, few studies investigating the long-term outcomes of these patients report on physical limitations or disabilities that are unrelated to or predate the event in question. Premorbid rates of depression and anxiety among individuals surviving OHCA are also rarely accounted for, despite some evidence to suggest that these conditions may constitute risk factors for cardiovascular disease and OHCA 40 , and that some antidepressant medications may be associated with increased risk of OHCA 41 .
In addition, there is a growing body of literature to suggest that long-term cognitive impairment occurs in 4 to 62% of ICU survivors who do not experience CA, brain injury or cardiac surgery 42 . While the association between ICU delirium and lasting cognitive impairment is well documented 43 , there is some evidence to suggest cognitive deficits may persist among some patients who never experienced delirium during their stay 44 . Reduced QoL and high rates of mental illness have also been documented among survivors of ICU admission 34, 35, 39, 45, 46 .
Relatedly, when considering the long-term outcomes for this patient population, it is important to consider the influence that mental illness, cognitive impairment and reduced independence and QoL may exert on each other. Given the high rate of depression and anxiety reported among survivors of OHCA and the effect that these disorders may have on cognitive function 47, 48 , there has been little attempt to characterise what proportion of the cognitive impairment observed may be attributed to psychological disturbance and how much may be attributed to the hypoxic episode. In addition, cognitive difficulties or reduced functional independence and QoL may impact on an individual's mental health, and mental illness and cognitive impairment may reduce an individual's ability to function independently.
Interventions
The role of medical interventions occurring during the arrest, while in hospital and post-discharge, on long-term outcomes of patients surviving OHCA remains unclear, with the majority of attention focusing on the former of these. Length of time from collapse to initiation of CPR and ROSC have been associated with increased chance of survival after OHCA, however the relationship between these variables and long-term cognitive and QoL outcomes for those patients surviving to hospital discharge remains unclear 9, 14, 15, 20, 22, 33 . Given the time-dependent nature of hypoxic-ischaemic brain injury, it may be assumed that shorter time from collapse to CPR and ROSC would lead to less severe neuronal damage and better long-term cognitive function, however it is likely that this relationship does not occur in a linear fashion. Individuals surviving to hospital discharge are a minority of those who experience OHCA and presumably the time from their collapse to CPR and ROSC falls within a relatively small window that will permit survival. Reynolds et al found that 75% of patients who achieved good functional outcome at hospital discharge (modified Rankin Scale score >3) had achieved ROSC within 15 minutes of conventional resuscitation techniques. Only 2% of patients who achieved ROSC after this time had favourable functional outcomes 5 .
At present, the relationship between other in-hospital interventions (such as use of inotropes, coronary angioplasty etc.) and long-term QoL and cognitive function has received little attention. Investigations of long-term outcomes for patients treated with therapeutic hypothermia have produced mixed findings. A randomised controlled trial by Tiainen et al 22 found that 67% of OHCA survivors treated with therapeutic hypothermia were cognitively intact or had only mild impairment relative to population norms at three months post-OHCA, compared to 44% of those treated with normothermia, however the performance of these two groups on any individual cognitive test did not differ significantly. The Hypothermia after Cardiac Arrest Study Group 49 found that 55% of patients receiving therapeutic hypothermia post-OHCA had a 'favourable' neurologic outcome at six months using the Cerebral Performance Category (CPC), compared to 39% of patients who did not receive this intervention. Bro-Jeppesen et al 8 found OHCA patients treated with therapeutic hypothermia had significantly better CPC score at hospital discharge, however MMSE scores and QoL at six months were not significantly different between patients who received this intervention and those who did not. Despite its common use, the reliability and validity of the CPC has not been established sufficiently and CPC scores at hospital discharge have been found to correlate poorly with validated measures of healthrelated QoL and independence in ADLs among survivors of OHCA 50, 51 .
Post-discharge interventions to improve the QoL and cognitive function of survivors of OHCA have received little attention. An ongoing randomised controlled trial by Moulaert et al 52 is the only targeted intervention program for survivors of OHCA to attempt to address the cognitive problems that have been reported in this population. This intervention, called the 'Stand still…and move on' service consists of one to six face-to-face sessions in which a trained nurse screens survivors of OHCA for cognitive and emotional problems, provides information, encourages selfmanagement strategies and refers the patient to specialised care (such as counselling or neuropsychology services) if required. Although a randomised controlled trial examining this intervention is ongoing, a process evaluation has reported that the majority of patients received only one consultation lasting between 60 and 90 minutes. Cognitive and emotional problems were discussed in 83% and 82% of consultations, respectively, however only 18% were referred to specialist care (seven to rehabilitation services, two to a psychologist, one each to a neurologist, social worker, GP and physiotherapist). Patients and carers rated the intervention positively, however there appears to be large variation in the interventions offered between nurses 52 .
A small randomised controlled trial of a three-month multi-component program of cognitive, functional and physical rehabilitation for patients discharged from the ICU (the RETURN trial) 53 found that individuals receiving this intervention scored significantly better on the Delis-Kaplan Tower task (TOWER) than individuals who did not, however this intervention did not appear to improve participants' scores on the Dysexecutive Questionnaire or MMSE from their baseline at hospital discharge. Physical ability was not significantly improved among individuals receiving the intervention when compared to those who did not receive the intervention, however intervention participants performed significantly better in instrumental ADLs using the Functional Activities Questionnaire relative to their own baseline than did controls. A recent trial investigating the feasibility of a program of early combined cognitive and physical rehabilitation for ICU inpatients (the ACT-ICU trial) found no significant improvement in Delis-Kaplan Tower task, Dysexecutive Questionnaire, MMSE, functional mobility, Functional Activities Questionnaire or EQ-5D scores at three months post-discharge between those patients receiving cognitive training and physical therapy, only physical therapy, or standard care 54 
. Such interventions
have not yet been trialled amongst patients surviving OHCA.
The authors are unaware of any observational studies investigating how integration with available community outreach programs or participation in neuropsychological, psychological, or rehabilitation services affects long-term outcomes for survivors of OHCA. Polanowska et al 16 found that 13 of 17 (76.5%) OHCA patients surviving to three months required neuropsychological rehabilitation, however only three participated in rehabilitation in a formal setting. The small number of participants prevented any meaningful examination of the effect of this intervention on functional outcomes over time.
Conclusions
The current body of literature appears to suggest that individuals surviving OHCA are at high risk of long-term cognitive impairment and mental health issues (including depression, anxiety and post-traumatic stress). QoL for survivors of OHCA appears to be largely positive, however a significant proportion may experience reduced QoL and independence in ADLs. The QoL and mental health of the carers and family members of survivors of OHCA may also be significantly impacted.
Inconsistency in definitions of QoL and cognitive impairment and the instruments used to assess them make it difficult to draw any clear conclusions regarding these outcomes from the available literature. Improving consistency in definitions and instruments used to assess QoL and cognitive impairment may reduce variability in comparing outcomes and identify the domains that may be targeted to meet the needs and improve the outcomes of OHCA survivors.
